PCT/EP2003/012754 / 2002P19496WOUS 

18 



C laims 

1. Method for designing a technical system which is 
characterized by parameters, including state variables and 
diagnostic variables which depend on the state variables: 

in which the technical system is specified by a system of 
equations, with the state variables being the solutions of 
the system of equations; 

in which a measurement park, incorporating first measured 
variables, is analyzed, whereby the first measured variables 
are measured in the technical system with a prescribed 
accuracy, and depend on the state variables; 

in which second measured variables, which depend on the 
state variables, can be measured in the technical system 
with a predetermined accuracy; 

in which first sensitivity variables are determined for the 
first measured variables and/or second sensitivity variables 
for the second measured variables; 

in which, to deteinnine the first sensitivity variables, a 
determination is made of the magnitude of the influence 
which a change in the accuracy of measurement of the first 
measured variables ,has on at least one selected parameter, 
and to determine the second sensitivity variables, a 
determination is made of the magnitude of the influence 
which the measurement of the second measured variables has 
on at least one selected parameter; 

in which the measurement park is changed, depending on the 
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first and/or second sensitivity variables, in such a way 
that the accuracy of one or more of the first measured 
variables is changed and/or one or more of the first 
measured variables is taken out of the measurement park 
and/or one or more of the second measured variables is added 
into the measurement park; 

in which the amended measurement park is used in designing 
the technical system. 

2. Method in accordance with claim 1, whereby the accuracy of a 
first measured variable is increased if the first 
sensitivity variable for this .measured variable lies within 
a predefined value range and/or a first measured variable is 
taken out of the measurement, park if the first sensitivity 
variable for this measured variable lies within a predefined 
value range and/or a second measured variable is added into 
the measurement park if the second sensitivity variable for 
this measured variable lies within a predefined value range. 

3. Method in accordance with claim 1 or 2, whereby the 
technical system is described by a system of equations 
H(x) = (Hi(x) , , . . ,Hjn(x) )=0, where x= (xx, . . . ,Xn) is a yector in 
which the components are the state variables xi. 

4. Method in accordance with claim 3, in which the following 
matrices are calculated: 

a matrix N, which spans the null space of the Jacobian 
matrix of H, 

a matrix W, such that vf-W is the inverse of the 
covariance matrix of the first measured variables 
yi=bi(x), where the entries in the covariance matrix are 
the covariances aij^= E((yi - E(yi))(yj - E(yj))), where 
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E(y) is the expected value of y; 

a matrix M which is the pseudoinverse matrix of A=W'Db'N, 
where Db is the Jacobian matrix of the first measured 
variables yi=bi (x) . 

5 

5. Method in accordance with claim 4, in which 

at least one of the selected parameters is a selected 
state variable which can be determined via the first 
measured variables; 

10 - one or more of the first sensitivity variables 0 yjxi 

represents in each case the ratio of the change in 
accuracy Acn^/xi = AE((xi - E(xi))^)/xi of the selected 
state variable xi to the change in accuracy Aojj^/yj = 
AE((yj - E(yj))^)/yj of a first measured variable yj ; 

15 - the first sensitivity variables are determined from the 

following formula: 

<D = r^2j 

20 where rjj is the element in the 1^^ line and the j^^ column 

of the matrix N-M-W. 

6. Method in accordance with claim 4 or 5, in which 

at least one of the selected parameters- is a selected 
25 diagnostic variable which can be determined via the first 

measured variables ; 

- a matrix Dd is determined,, this being the Jacobian matrix 
of the diagnostic variables di=di (x) ; 

- one or more of the first sensitivity variables <l> yj an 
30 represents in each case the ratio of the change in 

accuracy Aonn^/dn = AE((dn - E{dn))^)/dn of the selected 
diagnostic variable dn to the change in accuracy Aojj^/yj 
= AE({yj - E(yj))^)/yj of a first measured variable y^; 
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25 



- the first sensitivity variables, are determined by the 
following formula: 

^ = S'nj 

Yjdn nn 

where Snj is the element in the n^^ line and the j^^ column 
of Dd'N'M'W. 

7. Method in accordance with one of the claims 4 to 6, in which 



- at least one of the selected parameters is a selected 
state variable which can be determined via the first 
measured variables; 

- one or more of the second sensitivity variables 

15 represents, in each case, the variance Ok->xi^ of the 

selected state variable xi when a second measured 
variable, the value of which is a state variable Xk with 
the variance a^, is being added to the measurement park; 

- the second sensitivity variables are determined by the 
20 following formula: 



k->xi = mi^'ini - 



where m± is the i^^ column of the matrix M^-N. 

8. Method in accordance with one of the claims 4 to 7 , in which 



- at least one of the selected parameters is a selected 
diagnostic variable which can be determined via the first 

30 measured variables; 

- a matrix Dd, which is the Jacobian matrix of the 
diagnostic variables di=di (x) , is determined; 

- one or more of the second sensitivity variables 
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represents, in each case, the variance aic->dn^ of the 
selected diagnostic variable dn when a second- measured 
variable, the value of which is a state variable which 
has a variance Ok, is being added to the measurement park; 

- the second sensitivity variables are determined by the 
following formula: 

O^ k-xki = Qn^'Qn " 

where m± is the i^^ coliamn of the matrix M^-N^, and Qn is 
the n^^ column of the matrix and M^-N^-Dcf. 

9. Method in accordance with one of the claims 4 to 8, in which 

- at least one of the selected parameters is a selected 
state variable which cannot be determined via the first 
measured variables; 

- a matrix P, which is the orthogonal projection onto the 
null space of A, is determined; 

- a second measured variable is determined, the value of 
which is a state variable Xk, and which is to be added 
into the measurement park so that the selected state 
variable can be uniquely determined; 

- one of the second sensitivity variables represents the 
variance ak->xi^ of the selected state variable when the 
second measured variable Xk which has been deteinnined, and 
which has the variance oj^, is being added to the 
measurement park ; 

- the second sensitivity variable is determined by the 
following formula: 



llpf II IIpII II' 
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k->xl = k + ll^ni I^k II / 

iip^r II iip.ii II 

with p = Prxi, where ni is the 1^^ coliainn of the matrix A/^, 
5 and mi is the i^^ column of the matrix M^-N^ and is the 

k*^^ column of the matrix P-N^. 

10. Method in accordance with one of the claims 4 to 9, in which 

10 - at least one of the selected parameters is a selected 

diagnostic variable which cannot be determined via the 
first measured variables; 

- a matrix Dd, which is the Jacobian matrix of the 
diagnostic variables d±=di(x) , is determined; 

15 - a matrix P, which is the orthogonal projection onto the 

null space of A, is determined; 

- a second measured variable is determined, the value of 
which is a state variable x^, and which is to be added 
into the measurement park so that the selected state 

20 variable can be unic[uely determined; 

- one of the second sensitivity variables represents the 
variance ak->dn^ of the selected diagnostic variable dn when 
the second measured variable x^ which has been determined,, 
and which has the variance O)^, is being added into the 

25 measurement park; 

- the second sensitivity variable is determined by the 
following formula: 

iipir II iipii r 

30 a^k->dn = o^k + W-<=n in;c 11/ 

iip.r II iip.Ii II 

with p = PCn, where Cn is the n^^ column of the matrix 
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if'DdF, ntk is the k^^ col\jinn of the matrix M^-N^ and pjc is 
the k^^ colimn of the matrix P'N^. 

11. Method in accordance with claim 9 or 10, by which the 
matrix P-N^ is searched for the coliimn such that p is a 
linear function of this col\imn, where the index k of this 
column specifies that the second measurement value Xk is 
to be added into the measurement park so that the selected 
parameter can be uniquely determined. 

12. Method in accordance with one of the claims 7 to 11, in 
which the standard deviation Ok of the second measured 
variable is 1% of the value of the second measured 
variable. 

13. Device for analyzing a technical system which is equipped 
in such a way that a method in accordance with one of the 
preceding claims can be performed. 

14. Computer program produce which has a storage medium on 
which is stored a computer program which can be executed 
on a computer and with which the method in accordance with 
one of the claims 1 to 12 can be performed. 



